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(54) SHORT WAVE RADAR DEVICE 

(57)Abstract: 

PURPOSE: To obtain a short wave radar device 
which can detect a target signal without 
embedding in a sea clutter or its side lobe by 
removing a blind area due to the sea clutter on a 
Doppler frequency axis by the radar using a 
surface wave. 

CONSTITUTION: A plurality of different 
frequencies are transmitted and received 
simultaneously or in a time-sharing manner, their 
received signals are suppressed at sea clutter by 
a filter 1 9, Doppler-filtered by a separator 3, 
detected at a target by a detector, their results 
are so corrected by a Doppler frequency corrector 
20 as to coincide in the Doppler frequency of the 
target, and ORed by an OR calculator 21 to output 
a hit report. 
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$ SrWU-f Z>m&<DWJ£B t , fljiE#»JEEgPKTf#<=> ft 

ffen/cfi^io, ^tt^tt@«©&ffi£tT5i«2*©& 

fS<i l fcfi#©. ilff tp-MBSSftK: J: o t^cd h* », 
mffSSPffgpccrff htitcm jHT5E©gfc© k 7 y?m 

(crf#6n^t ^j: o smo^m^no^m^t , mite 
iefBttsi3(ciait§tifcB^tfiif*mtB!jiBs«^taa5-c 

icmiETz k v y^mmwrniE^t . hutib f 9 
*^iE»«cr*iE3nfc«#©iftffifnssflt*tT^«ffliia 

T £ j£3ftg|S £ . BITS E iMSff gp-CSff U fciW #© > X 
fc*7 h«Cc?SSi'7 9 ^^JUlEE-rsffPEEgRi. MsESPBE 

gp«:-t:»?>nfcm#*. §f^©3^© f 5. y^mm&tm 
? % m m$.5Hcftu? zftmu t . m^mmc xn *> 
tl/c^f#J;•pa^©^t^?:^f'5^t^gR<t > Hfria^tasur- 

CCfEtS!$nft:S8l^me*<?:B>rfE@^ffig|5-Cf#?>n/c 
BH&atem© F * ^vJliim^to-SS J: SWSiET 
£ F 7 ^J^&gftilEgPi , jftfia k ? ^^M&^tiiEgp 

A-xtK©H2&£iMfiU ^©^M^SfiT-SMS!©^ 
fiSP £ . Huieg-iMSfigp-c^fg 0 *:■€• ti-en©ft # ©; < 
.iUX t v \-miCWmt> ; 7v Z £}0EET£i®£fc©jr|)ESP 

<b. njiES}rpffgp(crf#e>n/cff-^^-en^n. §fs© 
it© f » 7'7®mk*&T2>mnf&fticftm?zM%t.<D 
^gsasi. B?rfE§^-i§sgp(crf5p > nfcff#<fc«3. -en-e 
ne*s©^m?rtf ^^©^tuspi. miz&&>mmv® 

j: 5 (cffiiE^s f 9 v ?mmmiE&t . frta f 
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[0 00 1 ] 
(0 00 2] 

[fi£3fc©&flii] s 8 ttMxa, r-r>hn#^ 3 > 

10 7- U-^ i^Xf^AX ( I NTRODUCT I ON 
TO RADAR SYSTEMS) S2Ij ^ >J;U 
T-fX3jU^^ (Merrill I. Skolnik) m 

cGRAW-HILL INTERNATIONALE 
D I T I ONS) 19 8 l^«C^Stl/c > fi£3fe©^U 

-^g^^-r^fg^oy fmx-iibz,. Hfc*jt,ir. i 

«A/D^$nrA^$tl5 I SX^iQBS^©^-? 1 ^ 

mnxihz. 2«c©t-7 r ^ff^-i©ir5^^ff^^ 

*I^*T^»3^-JUX • + + >-b7r*9 > 3«-e©fcU2j 

20 ?:§f^©ife© f » y =y mm&ft-xm^im tc&m? 

'■sfX'&yh. 4 « F v ■ V -f JU5?^n*>^ 3©S(±i^J 
©«*B«[*tftttr SJi*s^ffigpr$> 0 , 5 U*CD&N<iB 

[000 3] Sfc, 6 tisulE e^^-f*-^ l *iA^7 sns 
a-v-cx • 7 ^;u^-e*o. 7«c©o-^-x • v j >v 

^ 6 ©m#©«tiffi&tfcffli,Tgtg&msp 5 {c^ffl-r s 

^5M*oi4o?7 9 £?S*s©Wi@#tgtt£ tort,* 
[0004] ^{csftmcoc^-cifswr a/d^$ 

txfc I ^fc^OfQ^ f -r 3KS-^ 1 «i2»Stir 3 
>-n';UX • tt>t72 in-yN'x • ^ ^JU^6(CA^3$ 
n^. 3^n-;UX • +i->-fe7 2{CA^$nfc^7 :: ^ff# 

i » f v y'^ffim&M j dutt : &<D>7 : ? -j ^mm^fm. 

S?tlTK?7 , 7 • 7 ■f-»U^>'^>^3fCA^7 3n > F f 

• v 4 ^ 3 x-mm<D$w f i. y^mmn* 

3©&fcH2>tt. ti*a^Wgp4 tc*jc»-cjgififfl*J^tH 
(W1HB a^t^WSP 5 (c A^J ■&^-/JU^{c-^^ 

rfi>*«:ig:g$n/cx u 9 i^ a ;u f • u-^ji/ittissn 

■5= C ©B$©x u t-- g jU F • — S©gs§i$g 

j &^x.i>ff^«aa-t , *s<!:*ij^3n. t v \- f 

ff-^1 OlzLXtiifiZtiZ. His, ±IE©3^VUX- + 



(3) 



W7 -43 4 5 3 



t>t72, F v - V h Jl>£;0#3, JIiHt&fcHSB * 
[0 0 0 5 ] — ttlWISO^ ^ sr £{f -^tedctf K 

5 * * tMOVOTtfttM 3 tit fe 5 . C o^ffl i M 
iBtfcfcHSP7 ©Hi^r *|g«ffi«-^tc<fc 0 , ant? ^;U£ 10 



f B -±/ 



g • f o /%C 



•C, IS 9 «^^6<D«^rttSL«#*7^Tffl«a»^^ * 
h;Uiat?*S. Blcte^T. 2ocDf-^3 l*jj;tf3 
2«^^^^^> (Braqq line) tmttlZ, 

© (i) ^stsci^snrc^. 

[0007] 

(1) 



[000 8] tctcL. JJB ( 1 ) SCCte^T* steM;^ 

[0009] a«*>e>©ss*ffi 

#CClt^r2 0dBSttW±*>^c*C^C<fcfe^<, HF 
[0010] 

itTZtctbdcs v*y 4 )\'2*ttto'*&c±ifii&&trj: 

K««Wsr#T. gSCDF^^5^ii<b^7^^cr>F 
[0011] C©«Wli±K©«fc^ttMH^«:IBffi-r* 



[0012] 

[0013] S»3}c«2{CK*(D»98CC«-2>®«U 
- y*BEW\ 1 ocDiHSff SBfc: J: orttJ-&JBaa»<D«tt 

unfits or. 3Wtfli-*ccs«-*»n^^v*»BSB 
[0014] *& % s»*S3ccsatto»i8cc«asiftu 

-y«Ktt, 1 o©aMMI«BC <fc otTBfjetT ^ F^«CC 

<Db'vy'ymm&ZffilELtc&, M»niRff«tT9J:9 
[0015] $^c, M3|qi4CCiei|flE)MBK:ffll&)attU 

50 Ocfc^tCU/c^CDr*)^). 
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[0016] 

c <m ) imm 1 ccsBtta&gntc u - -pmrn 
«. f ? y'ymm.m^yy j ^xammmm^w- 

Sfg-TS C lie «fc 0 . 4&&«<1i<i>Htttt0>«»-cMtfe 
[0017] H^2fcffi«to«We*rt*S}f jft 

«fBttan(c &ia o x *s < c i j; o . amen? *> 

MM?"? -j WffafiSL F v y'^y y -/ >^*sJ:o' 
C 0 0 1 8 ] **:. ff*^3{Ciai8©^|§CCfcW^& 

'^x;fr^©^-;&u-#tt:fot,>Tk. UMfy -j Zicfg. 

■binx l & *> mmm nonm* mmt r s. 

[ 0 0 1 9 ] g/t. StsRJH 4 (c &M<D&W K 4 

A*«»*ii&sflru -?-ti-en©s<ifi#(c^-rsfSffi 
.ffl^ra©*** b w* Bite t s . 

[0 02 0] 

[jgjfcw 

tz>. m i im^m 1 cciBSs©^^©-siis^*^-r^ 

4 WtgipStfeffJSP. 5 ttmmWi%li. 1014 

[0021] */c iia, 1 1 bwm tt htcmwi 

mx$><i> mffls&EBsi i a izmm®m^<D'p'bm%i 
^* J f, . ^jg^togi i b K&@aji-9©i*i<frja& 
^t*if, ■c*5*t , scHc^o/ri^. i 2«-e-©in 

ft ffld #©&{§ 9 £{i$|-e£> ♦} , 13 tt-£*l££Rfl 
«C^T€»jM{iT>-f-^-t?*5. 1 4WiHffT>7-7 v 1 
3<fcO«tS*? tift:«K©SWifi*3tflir £ SffT 
-C* 0 . 15 « *©S« ft # i jMflfS 1 2 6 ©#Mf 



11a. iHfiMl 2. JHffT>f-^ 1 3, ^{fr>f-± 

1 4 erases i 5i. att&ggwai 1 b. ^ft^ 

1 2. Mfer>r^ 1 3. $tmr>7-j- 1 4fc<fct>'?l^- 

[002 2] 1 6tt?I£f§ 1 5*>Slil/)8hS'{-X>< 

10 1 8ttC©A/D8ftSl 7©a^7-y 

^) f*«5. 1 9«C©F FTSP1 8*6©-r-^€r7* 

© F » 7*7 • 7 ^ ;U 3 {CA^^-S , jrpffgpi o 

r©y 9? • y jfrHX-bZ. 
[002 3] 2 0«S^*sjgitItfettJg|J4*s«J:j>*aS«ltH 

-en^nf#6n/c, mmomtemmtemzy l<d f ^* 

20 5«iga»4^toH*4 J: 5cc*|iE-r4 F » ^"^aifiSWfiE 
2 1BCO F » ^•7fflifflRMiE» 2 0 «fc 0 ttj 
* S tliW^©BS^fflM^©iftIIfO* ioT, «^fi*> 

ttt » h ud<- hft# i o 4£fi&-rs*HS«iS»as-c* 

[0024] ^<c»ft«coi,»-cttwr*. siiiisttsais 
i i awcfi i b«. mMtPn>cm%m&m&LWic$E 
itezxstemmmm-^&m&ux^n-enmm&i 2 

1 b(C«tS4>/C^^ifcf x , f, tt, 5t6c^fcc©oH 

30 mmmzte&m-rz y^f^j >© k y=>m$®. f . 
©3Sflrtt«-^*-en*nj|jftr>^^ 1 3tc3Mor^p a i 

[0025] ^fT>T-7" 1 3 «fc immsnrc&mizm 
s^ftiffgiisnrsftr^rt 1 4T?^ft $n 

40 1 5 tc*jt,^r#MM^<bzi^3n. KM 
*WH;fr3*iS. c©i«©iSfl|tfi,&JB«»f , teio'f 

, (cj:4#M«#<i:Sfi{f#<t©Ki^*ia2{C7n-r. m 

**Ett©B«*>%S«S*ifcftfl|fl|-^«. SWSfllK: 
ffiSr4i^)r<:w»)W«^«:tb'<Ta«Wse{bft*iBnr 

^©T. mm^r t Sflff -^©MI^^©^ A f £ffiijj£ 

OUT. FMCW^it> 9 ) W^tlSCi^ 
50 l>„ 
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[002 6] m-&mi 5jfee>fcH;frSft5-c--*,o Fff 

> Kff-!f«. MS6$£A>6©^£i:3-£|&£-t.5fcis!>© 
n-y^x • 7 .< }\,$ l 6*510. A/D^&iil 7T?1J- 

«; > y s ftfcfg. u > y t>M®fc6© f f t as 
#§su JHfi^tHgP4-cffii|iix^i7 h^^^ai-r-So c 

SfcPf, ©lif, ©3fc£-cW:M&i3. enen©£ff 

[0027] cct ^(Dn&mitmm tp&mmsi t a & «t 



10 



20 



hu^-h i o^b^ts. 
coo28] m3tec<Dmm i ©— is©^®©^* 

11 1 C ©S3 SCO^rtJtBJT -5 0 S3 

(a) fctt. ±K»«iWiJS«» f\ . TKiWt'M,** 
i&gfcf, ©^tCteWSFFTSPl 8©ffi±»ff#©^Ijg^ 

3 i*icfci>*3 2<Dmc2~o<om%xtgmY t-emi£ 
x*j:iys«Y©^T*affl*-e*ve<*iv, . Vv i 

(7) 5$©J:SK:fc-5. 

[0029] 

C«2] 



f B .=±y g • f ,/*c 



(2) 



(3) 



f , ®^T©g«{#-^3 3 © K 9 -7'5W<m. ; f xi = 2 v « f , / C 



(4) 



f * ©&7f©B^{I^3 3 0 Ky7"?l 



f x B =2 v x f 2 /C 



(5) 



f * <mnS<D^mS^r3 4 © K y^y, 



f rz=2 v Y f x /C 



[0 0 3 0] C©J:5a:K5r^7««»fiR»*W0-Cl,» *-C<,>*. 
± f ... ± f ■>£<P<fr&-r&ffftf(E»^l*£3:hfc 

-en-en k » 7=> • y ^ ^^^>t> 3 , jiits^iusR 40 

4KJ:DIiS^^* h^*sg[ttJ$nS. 03 (b) tt 
c©D$©}sifg^mgp4©ffi^i# ; &^L.-cfc0 . _h*ijn 
«ffl«a»f, ©». Tasaejaaja* f , ©m -en-en 

SSfcf, ©^T , «@^Y*^©e^ff-^3 4*i^E:5'7 » 
*3 2<tft(c|^*5nrL.S ^>»i. SiA4>'OJHifitt f , 

©stwbiy © a^ft # 3 4 $ n-r (cj^ 

f »» = f«, • f, /f, = fx, 

[0033] e©wr«aflW4>H«tt f , ©jR*asfi 



(6) 



(7) 



[ 0 0 3 1 ] M 3 ( c ) « K » 
«\ S3 (b) K^LfcJr^tC 

/it mtftiit-xiRt 

[0032] 



7-^Jl^|S[ffliEg|52 0© 

2 o^ca* instils 
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i+Sct^tcLr^cfcu. 03 (d) ^sfnv«Stg|52 



9 

1 tt*$W5l33 ( c ) tOTcLfc F 9 :^JSifc&ffliiEaii2 

So 

[0034] C ©«fc 9 K. t©*J6W 1 «c<fctitt\ F M 

c W775$(c r 2 m<om tt s ^femmkcmsKm* l . 
a. f » ^ • 7 a * z >j > m^mfmmm<Dm 

[0035] mmm 2 . ±nmmw 1 -cttam* 
'C»«jsa»*is»J5cofc«[«c (20) ©inftafi-^co-en-e 

^*«*»«*J«:£»iS-r -5 C i CC J; 0 . iiSffldi tflf # 

Ji2 (ciB«SL,/c«(D«fc 9 a»w©-*jt«*^r«fie^ 

H&ttKMSl laill b^n?nffl(C^Lt 

tfj^waas^f, if ! ©^fgff-^^Bf^fije«j 
[0036] ^{cj»f^{co(,iri»wrs. eet\ 05 

<£5&3M(HHi#££j5SL.-C , 0£. fc/cU 15(04 1 

(c^T«fc 9 cc. F^©@^©jii^^ j - 

3n. 5HliSE*S«r>^l 4-CSffT^„ §fHi# 
15. a— • 7 4 ;U£ l 6 , A/D^f&g 
1 7 fc«fcO'F F TSI5 1 8 -CHUMS ti2>j&m* x USSfiJ 1 
T1fcl!HLfc©£:£<|5J— FFT35 1 8&%tiit) 

ztiz&u^itxxDmffl&x 4 -ymv^-snts ? 

9-y 4^5 1 9lCAt)Zti2>tt, y vJ-V 4)VH 1 9© 
7 4Ji'*fftttt. SHSfiOf^WiSaRf, , f, 

£© F 9 9"5JI&$fc«: y ^©^'Ofc^fr-tf* «fc 9tc^ 
{fci*tt£„ s??7 4)\s$ 1 gCC^&Mf 79 £ff-!f 
A*l££3:h.;t-r-£W:. F 9 7* -5 • 7 -r ;U*>-^>^ 3 . 

ism&msp 4 sur . atu&ttjSR 5 k r «a^»s 3 n 

[0 0 3 7 ] CC-C, S{t ^JSjggK*i f x OB?Oli 
&ffiS|55 CC«fc5SS1*ttJifSm«IBteg|J2 2 (CttlftStl. 
MM F 9 ^^^jg^lBiEgB 2 0 iUJA* 3 tittle. j£ 
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£WfcttM*sitifEtia5 2 2 ^ba* <* nt, f 9 y^uis 
am jesp 2 o tciassA* sn.cn & isi&fcsettsp 2 2 

mmmmmm-h f » •7*mmm]Ett2 0 «cA*sn 

-5= F v7*^Jg|igi5[?iIEg|52 0-C«, mM4>&m&&1> s 
f , ©B*©B«© F 9 7*m&Kl±mNi<bMVm& f 
, ©^©S^©F9 7-7jSig^*^fo-t±. siiSfaSeLgi5 

2 l-C,t^(DMkmm^tK), t 9 h UtH- h 1 0 ibt 

10 [ 0 0 3 8 ] C © J: 9 iC. C©HJg^iJ 2 -C«. USSF'J 1 

ictb^-r«^7>©''N- h'vs r»zs*B^fij-c^-r 

*fc«>. ^JfeFiJl iPJ— ©jam=Srf#Sfc»{CW<g©B#ra 

©^- F^*r4A*a(cfiiM-r*c£*s-c#s. 
[0 03 9] HSt« 3 . * fc. ±taSHSfi^J-C« FMC 

fef*^. H6«if5l?iI3(ciat8L/fc-e©J:9^lfeHj© 

20 isi-^^ttor-eciBBji^ng-ra. atcfct^r. 2 

3 «BffSjHM« 1 2 */^l/Xj«j^Sl±.S/t»©^tBlgr 

* <o . 2 4 tiffin 1 2 «: jssa:is&H?^«0tte u rant 

1f44ife(c. ^-©«8PI%®m^-?rti^g 1 5(C^ 

^g[5^yiif-c*s 0 2 5 BiM^f t &mm^<D® k> m 

ffl$n^>ii§ffT>7-^T , $)€, 0 2 ittm&mi 5©w 
**taa*«-<-ifii[*4ft«»r* o.28 «<atBtftjgs 

30 8?na^i)sjg2 3. i^mtsi 2. 

f25, iisff t>t-^- 2 6 . rg^n 1 5 is zztmsm 
fig 2 4 «: «fe o r i^sft gq*i?fj)S ^nti^. 
[o 04 0 ] -xicmmc-o^xigiwrz. cct, 17 

BiMSdT Vt^^- 2 6 #>63£{i § n^iMff ft 

wm-c&z. mmmi 2«^pg2 3*^©^vuxi^ 

gBfSffig2 4*>6©J^SP^m-^{C*^Jt»r. I37(C7it 
■TJ;9^. Bf^©f 9 h&SKiltgfciiS (211) ©Jl 

*U-$2SZ:Mxm3:mT>fj-2 6J:*)imT2>. 
40 ^ff7>7 u ^-2 Stl^§ffff-^«^- + ^. U 

-f2 5*gTS^Sl 5CCA^7Sn. ^S|J|fe}Ig24 
A^©^gU^JJgff#<t^$tl/cf^. tttl^g2 7<C 
TflMSfftiftSft. iiy- h 1 8tU>yt >S©ff-^ 

mtcs 9 g 1 ? 1 Qx-mmv^-j zmm^rnKs 
n. f 9 -i? ■ ■? 4 ;u*/N'>d7 3 xmm<D f 9 75jizg? 

w*>n. as^i±igiJ5 rs»ttffi©ft«n#tff*>*is. 

[0 04 1 ] Ajrfc. F 9 7*vjg|^ffiiEgP2 0 fccfcVli 

50 awaww2 i rotefflrtani. *5fiFij2©^<t[si- 



(7) 
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a ztmmvak t , -e© sttteousxttgettas 2 2 k-s 

&mg|55cfcyffi#3ftfcH$, -c-ftii&fc F 
!4ffliEg|32 OtCAA^n^. F 7 7*7jl^ffiJES|12 0 
"CM:. Wjfr©S«fcltM§*© F * 7"7jHi&$t£i£frt!-.z, 

t0042] 4 . * fc, JJBSftteW 3 io 

dte«fctfte-if£!HI©3fc£ 1 3&&<t LT-eft<5£B##iiJffj 

jc^fflf ^^©ccoc^ri^Bjufc^. -en 

r. &6ftfc&g£tfcffiii&§ii©F w^mm^miLh 
tern, mmmm^tf ^^uuu. c©<t:*>ct 
•r^citcj:*)^ ^- F^*r©Jtjn«*s*! v msh$ 
ra*^i|ii(cgiM-rs c <t*sr# s„ 20 
c o o 4 3 ] mmms . &*s. ±ie-&iwij-ra, 

OOTTSLfctf. Cn6©g3f$i b-C^^)i3#x.SF 
MCW^S (FMI CW: Frequency Modulated Interr 
upted Continnous Wave ) ^mfflXiCffifflfrimft-f & 
Stepped- Frequency*; 3i (PTPFM : Pulse- to- Pul 
se Frequency Modulation ) , $ fctCteV'Ol/.XEEgflj 

©$&m£$f 

[0044] »feWl6 . S/c. itBSHJfiWftt. jH{f 30 
«^©«^ 2 «r astute ot>T»?)!t,fc*J. 3 
a«±©asfflrajsa»*ffl«,»r*>j:(,». ms. si* 7 

[0045] 

{c$fc£«:m\ f#e.n/css^tUif^© f * 

©-C. F 7 75Htt»tt±«:»H*9 9 *«: i&y^ -f 
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